Abstract --A major source of extrinsic limitation to the critical current density in Nb-46.5wt.%Ti superconductors has been sausaging initiated by the formation of hard intermetallics of Cu-Ti-Nb at the Cu-superconductor interface during precipitation heat treatment. The main defense against this is the use of a diffusion barrier (normally Nb foil) between the Cu and the Nb-Ti. However, Nb barriers are permeable to both Ti and Cu and protection provided by a, given barrier thickness is limited by the tendency of the barrier to deform in a non-uniform manner even prior to heat treatment. We have examined the effect of varying the starting Nb-Ti grain size on the uniformity of barrier thickness reduction during wire drawing.. For all the wires tested the non-uniformity of the barrier increased with drawing strain and with increasing initial Nb-Ti grain size. We have also compared the barrier of cold drawn monofilament to that of warm extruded fdaments. The extruded filaments have a significantly more non-uniform barrier.
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I. INTRODUCTION
It is well documented that the critical current density (JJ of Nb-Ti superconductors is controlled both intrinsically by the Nb-Ti microstructure and extrinsically by an axially nonuniform deformation of the filaments incurred during the drawing process. The necessary fast step in raising J, is to produce at least 15 volume percent of a-Ti precipitates by multiple heat treatments['*21. This permits an intrinsically strong flux pinning interaction. J, is observed to increase linearly with increasing strain after the final heat treatmentL3]. The intrinsic J, is raised during drawing because -100-200nm diameter a-Ti precipitates produced at heat treatment size are reduced to ribbons -1-2nm thick separated by -5nm. Beyond a strain of 3-5, J, begins to fall off. The principal cause of this fall is seldom intrinsic to the flux pinning but is more generally the effect of an extrinsic limit being placed on the critical current (13 of each filament, as the filaments begin to deform non-uniformly.
An adverse effect of a-Ti precipitation heat treatments has been the formation of hard, brittle intermetallics near the Cu-Nb-Ti interface due to Cu-Nb- grain size and non-uniform deformation of the barrier.
The material used for this experiment was an SSC Phase I1 R&D monofilament that had been extruded from 7.25" overall diameter and cold drawn to 0.37" in diameter. The four layer Nb wrap was 60-70 pm thick at 0.37" diameter ( Fig.  la) . Six samples of monofilament were used for the experiment. Five were given heat treatments to vary the Nb-Ti grain size, while the sixth was not heat treated. The latter one served as a benchmark for normal monofilament processing. Parekh ["] has shown that Nb46.5wt%Ti does not recrystallize at 750°C and that grain growth initiates rapidly in the range of 800 -900°C. At these temperatures, Nb46.5wt%Ti is well within the single phase p region, so no a-Ti is formed['21. Using Parekh's experimental constants for grain growth in Nb46.5wt%Ti, it was determined that heat treatments at 850°C for times ranging from 18 to 248 minutes would provide a wide range of grain sizes.
We were initially concemed that Cu and Ti might diffuse through the barrier to form intermetallics at elevated temperatures and that this might initiate non-uniform deformation of the barrier. Studies by FaaseL7] et al. show that at 850"@, the fastest diffusion step is that of Ti through Nb. This is contrary to temperatures below 630"C, where Cu diffusion through Nb is fastest. Using experimentally determined reaction coefficient~[~], it was calculated that Ti diffusion would be less than lpm for a 240 minute heat treatment at 850°C. This is negligible for the 60-70pm tRick barrier. The drawn wire samples were etched using a mixture of composition 25% HF, 25% HNO,, and 50% H,O to expose the Nb barriers. To measure the variability of the barrier thickness, it was necessary to take photographs of each barrier using both light microscopy and Scanning Electron MicroscopyBackscatter Electron Imaging (SEM-BEI), depending on the wire diameter. The micrographs were converted into binary images using the IA system. An IA program was developed that placed a mamx of 400-500 closely spaced, parallel lines perpendicular to the binary image of the barrierLq. The intercepts of these lines with the barrier edges were computed and the average thickness 0 and standard deviation of the thickness (onJ were recorded.
As a final experiment, barrier deformation of the cold drawn monofilament was compared to that of the same monofilament which had been stacked at -0.1" diameter and warm extruded (575 -625°C) by the manufacturer. The monofilament was drawn down until the monofilament diameter was similar to that of the extruded filaments. Barrier true strain E on-l/f % vs. E for varying initial Nb-Ti grain size. The zero of strain is taken to be the recrystallization size of 0.37" diameter. Also shown is the difference in on-,/l between the cold worked and extruded fdaments.
These latter two measurements have an additional prior deformation strain of 5.5, which should be added to the values quoted.
thickness measurements were made as described above.
III. RESULTS
The mean grain diameters of the heat treated Nb-Ti ranged from 7 p to 23bm. Figures la-d shows the deformation of the barrier in the sample with the largest initial Nb-Ti grain size after incremental amounts of cold drawing. Along with the grain boundaries, swirl patterns which intersect grain boundaries were observed in the annealed Nb-Ti. These swirl patterns result from the chemical segregation induced by the large miscibility gap of Nb46.5wt%Ti. It is apparent that the barrier thickness variability increases with increasing strain. 
V. CONCLUSIONS
Quantitative image analysis shows that the coefficient of variation of Nb barrier thickness (onJ %) increases with increasing drawing strain and increasing Nb-Ti grain size. An increasing Nb-Ti grain size exerts a particularly deleterious effect on barrier non-uniformity, making it inadvisable to recrystallize Nb-Ti monofilaments at an intermediate size prior to stacking them in the multifilament billet.
